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Abstract
We present initial results from the Subaru Strategic Program (SSP) with Hyper Suprime-Cam
(HSC) on a comprehensive survey of emission-line galaxies at z < 1.5 based on narrowband
imaging. The first Public Data Release (PDR1) provides us with data from two narrowband
filters, specifically NB816 and NB921 over 5.7 deg2 and 16.2 deg2 respectively. The 5σ limit-
ing magnitudes are 25.2 (UltraDeep layer, 1.4 deg2) and 24.8 (Deep layer, 4.3 deg2) mag in
NB816, and 25.1 (UltraDeep, 2.9 deg2) and 24.6–24.8 (Deep, 13.3 deg2) mag in NB921. The
wide-field imaging allows us to construct unprecedentedly large samples of 8,054 Hα emitters
c© 2018. Astronomical Society of Japan.
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at z ≈ 0.25 and 0.40, 8,656 [OIII] emitters at z ≈ 0.63 and 0.84, and 16,877 [OII] emitters at
z ≈ 1.19 and 1.47. We map the cosmic web on scales out to about 50 comoving Mpc that
includes galaxy clusters, identified by red sequence galaxies, located at the intersection of fila-
mentary structures of star-forming galaxies. The luminosity functions of emission-line galaxies
are measured with precision and consistent with published studies. The wide field coverage of
the data enables us to measure the luminosity functions up to brighter luminosities than previ-
ous studies. The comparison of the luminosity functions between the different HSC-SSP fields
suggests that a survey volume of > 5× 105 Mpc3 is essential to overcome cosmic variance.
Since the current data have not reached the full depth expected for the HSC-SSP, the color
cut in i−NB816 or z−NB921 induces a bias towards star-forming galaxies with large equiva-
lent widths, primarily seen in the stellar mass functions for the Hα emitters at z ≈ 0.25–0.40.
Even so, the emission-line galaxies clearly cover a wide range of luminosity, stellar mass, and
environment, thus demonstrating the usefulness of the narrowband data from the HSC-SSP to
investigate star-forming galaxies at z < 1.5.
Key words: galaxies: evolution — galaxies: high-redshift — galaxies: luminosity function, mass function
— large-scale structure of universe
1 Introduction
Emission lines from HII regions in galaxies are one of the im-
portant spectral features to characterize galaxies. The inten-
sity of the nebular emission in the rest-frame optical wave-
length such as Hα (λ = 6565A˚ in a vacuum), [OIII] (λλ =
4960,5008A˚), Hβ (λ = 4863A˚) and [OII] (λλ= 3727,3730A˚)
is sensitive to star formation rate (SFR) of galaxies and thus
widely used as an indicator of SFR of galaxies (e.g., Kennicutt
1998; Moustakas et al. 2006). While the luminosity of hydro-
gen lines such as Hα and Hβ is directly linked to the number
of ionizing photons, the physics associated with the emission
lines from oxygen, caused by collisional excitation, are more
complicated than those from hydrogen and depend on the phys-
ical condition of the nebular gas such as metallicity and ion-
ization state. However, it is known that the intensity of emis-
sion lines from ionized oxygen, especially from [OII], is a us-
able indicator of SFR in galaxies not only in the local Universe
but also at high redshifts (e.g., Kennicutt 1998; Kewley et al.
2004; Moustakas et al. 2006; Hayashi et al. 2013; Hayashi et al.
2015). Recent studies also demonstrate that typical star forming
galaxies at high redshifts, especially z > 2–3, are often identi-
fied as [OIII] emission-line galaxies (Ly et al. 2007; Drake et al.
2013; Khostovan et al. 2015; Suzuki et al. 2016). Therefore,
emission lines are a useful tool to sample and investigate star-
forming galaxies at various redshifts.
Many surveys, targeting emission-line galaxies at z<∼2, have
been conducted so far (e.g., Bunker et al. 1995; Thompson et al.
1996; Moorwood et al. 2000; van der Werf et al. 2000; Fujita
et al. 2003; Doherty et al. 2006; Shioya et al. 2008; Villar
et al. 2008; Dale et al. 2010; Ly et al. 2007; Ly et al. 2011;
Bayliss et al. 2011; Lee et al. 2012; Best et al. 2013; Colbert
et al. 2013; Ciardullo et al. 2013; Drake et al. 2013; Pirzkal
et al. 2013; Sobral et al. 2013; Sobral et al. 2015; An et al.
2014; Khostovan et al. 2015; Comparat et al. 2015; Comparat
et al. 2016; Stroe & Sobral 2015; Stroe et al. 2017). As a
result, the cosmic SFR density has been established with a
peak at z = 1–3 and then a gradually decline towards the local
Universe (e.g., Hopkins & Beacom 2006; Madau & Dickinson
2014). Star-forming galaxies at each redshift show a tight cor-
relation between SFR and stellar mass irrespective of environ-
ment where galaxies are located, which is called a main se-
quence of star-forming galaxies (e.g., Daddi et al. 2007; Elbaz
et al. 2007; Noeske et al. 2007; Koyama et al. 2013; Koyama
et al. 2014; Suzuki et al. 2016; Hayashi et al. 2016; Ramraj
et al. 2017; Oteo et al. 2015; Sobral et al. 2014; Kashino et al.
2013; Shivaei et al. 2015), and star-forming galaxies at a fixed
stellar mass have smaller SFRs at lower redshifts (e.g., Speagle
et al. 2014; Whitaker et al. 2014; Tomczak et al. 2016). The
main sequence of star-forming galaxies indicates that only a
few percent of galaxies are in a starburst phase (Rodighiero
et al. 2011). The fact that few galaxies are outliers from the
main sequence is considered to be an evidence that a time scale
of starburst phase and quenching of star formation is short.
However, physics governing the evolution of individual galax-
ies is not yet well understood. What triggers the starburst in
galaxies? What quenches the star formation of galaxies? How
have galaxies evolved along large-scale structures of the cosmic
web? As a first step to address these important issues for under-
standing galaxy evolution, a more comprehensive sampling of
star-forming galaxies at the redshifts of z <∼ 3 is required that
covers a wide range in terms of star formation activity and envi-
ronment. Recent studies have indeed demonstrated the impor-
tance of investigating galaxy properties along the cosmic web
(e.g., Darvish et al. 2014; Darvish et al. 2015; Darvish et al.
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2016; Darvish et al. 2017; Malavasi et al. 2017; Laigle et al.
2017; Kuutma et al. 2017).
Surveys of emission-line galaxies are basically performed
with either spectroscopy or narrowband (NB) imaging.
Spectroscopic surveys have the advantage of identifying emis-
sion lines and measuring line luminosities. However, target
selection for spectroscopy can cause biases with the observed
galaxy sample. Rather than slit or fiber spectroscopy, an inte-
gral field unit spectrograph such as VLT/MUSE (Bacon et al.
2015; Meillier et al. 2016; Bina et al. 2016; Swinbank et al.
2017) or grism such as HST/WFC3 (e.g., Atek et al. 2010; van
Dokkum et al. 2011; Straughn et al. 2011; van der Wel et al.
2011; Brammer et al. 2012; Colbert et al. 2013; Pirzkal et al.
2013; Mehta et al. 2015; Morris et al. 2015; Momcheva et al.
2016) can overcome selection biases by allowing us to get spec-
trum of all galaxies over the field surveyed. One weakness is
the small field of view (FoV). Alternatively, NB imaging sur-
veys of emission-line galaxies allow us to cover a wide, homo-
geneous FoV without any bias for target selection. Although,
the selection with NB imaging requires an equivalent width
(EW) of emission lines larger than a certain limit, thus sampling
strong nebular emission lines. As a result, this approach is able
to effectively produce comprehensive samples of star-forming
galaxies.
Indeed, previous studies with NBs (e.g., Ly et al. 2007;
Drake et al. 2013; Sobral et al. 2011; Sobral et al. 2013; Sobral
et al. 2015; Khostovan et al. 2015; Matthee et al. 2017) have
succeeded in constructing large samples of emission-line galax-
ies at z < 2. Ly et al. (2007) have selected 200-900 emission-
line galaxies with 11 individual redshift slices at z < 1.5 from
deep imaging with 4 NB filters in 0.24 deg2 of the Subaru
Deep Field (SDF). Drake et al. (2013) have presented cata-
logs of more than 5000 emission-line galaxies at z <∼ 1.6 from
a survey with 6 NB filters in 0.63 deg2 of the Subaru/XMM-
Newton Deep Survey (SXDS) field. Samples of emission-
line galaxies of similar size at z <∼ 2 are also presented by
the High-redshift(Z) Emission Line Survey (HiZELS). Sobral
et al. (2013) have conducted deep surveys in ∼ 2.0 deg2 of the
COSMOS and SXDS fields, while Sobral et al. (2015) have con-
ducted shallower but wider surveys in ∼ 10 deg2 of the SA22
fields. They map large-scale structures of Hα emitters over
these fields (see also Sobral et al. 2011).
Here, we use Hyper Suprime-Cam (HSC), an instrument on
the Subaru Telescope capable of delivering good image qual-
ity over a FoV of 1.77 deg2 in a single pointing (Miyazaki
et al. 2012; Miyazaki et al. 2017). The Subaru Strategic
Program (SSP) with HSC is a three-layered (Wide, Deep (D),
and UltraDeep (UD)), multi-band (five broadband (BB) fil-
ters: grizy plus four NB filters: NB387, NB816, NB921, and
NB101, Figure 1) imaging survey (Aihara et al. 2017b). The
survey started in March 2014 and is ongoing. The HSC-SSP
Fig. 1. The set of broadband (BB) and narrowband (NB) filters used in the
HSC-SSP. Among the four NB filters, the data in two NB filters, NB816 (blue)
and NB921 (red), are available with the PDR1 data (Table1). The response
function of the filters and the quantum efficiency of CCD are taken into ac-
count for the transmission. The specification of the NB is shown in Table 2.
program will be conducted in 300 nights spread over 5–6 years.
The observations with the NB filters are conducted in the UD
and D fields. When the program is completed, the NB921 data
will reach down to 26.5 (25.9) mag and the z-band data down to
27.1 (26.6) mag over 3.5 (26) deg2 of the UD (D) fields (Aihara
et al. 2017b). The set of four NB filters installed in HSC en-
ables us to select not only Lyman α emitters at z ∼ 2.2, 5.7,
6.7, and 7.3, but also galaxies with nebular emission such as
Hα, [OIII](λλ = 4960,5008A˚), and [OII](λλ = 3727,3730A˚)
at z <∼ 1.7. Undoubtedly, the HSC-SSP survey provides us with
one of the most comprehensive samples of line-emitting galax-
ies which are useful to study the evolution of galaxies at low and
intermediate redshifts. Therefore, the goal of this paper is to
construct catalogs of the emission-line galaxies from the HSC-
SSP PDR1 data and then investigate basic global properties of
the selected galaxies.
The outline of this paper is as follows. In § 2, the NB data
from HSC-SSP are described and the quality is verified. In § 3,
emission-line galaxies at z = 0.25–1.47 are selected and then
catalogs of the galaxies are created. In § 4, the spatial distribu-
tion and luminosity functions are constructed. In § 5, we discuss
cosmic variance, the bright end of the luminosity function while
taking advantage of the wide field data. We also investigate
the stellar mass function for the emission-line galaxies to better
understand the samples of emission-line galaxies. Finally, our
conclusions are presented in § 6. Throughout this paper, a com-
posite model magnitude named cmodel is used for the photom-
etry of galaxies and magnitudes are presented in the AB system
(Oke & Gunn 1983), unless otherwise mentioned. The cmodel
photometry measures fluxes of objects by simultaneously fitting
two components of a de Vaucouleur and an exponential profile
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Table 1. Narrowband data available in HSC-SSP PDR1.
Narrowband filter
Field∗ NB816 NB921
Area† [deg2] Integration [hour] Limit mag.‡ Area† [deg2] Integration [hour] Limit mag.‡
UD-COSMOS · · · · · · · · · 1.47 (1.54) 7.0 25.1
UD-SXDS 1.43 4.0 25.2 1.49 4.8 25.1
D-COSMOS · · · · · · · · · 2.27 (2.91) 2.0 24.8
D-DEEP2-3 4.25 1.0 24.8 5.63 1.0 24.6
D-ELAIS-N1 · · · · · · · · · 5.37 1.0 24.6
total area 5.68 16.2
∗ The coordinates of fiducial pointing in each field are defined in the survey design paper of Aihara et al. (2017b).
† An effective area, i.e., the masked regions are excluded. The value in the parenthesis shows the effective area including the overlapping regions
(0.72 deg2) between the UD-COSMOS and D-COSMOS fields.
‡ A median value of 5σ limiting magnitudes in the individual patch1 regions, which are estimated from the standard deviation of sky values
measured with randomly-distributed 2′′ diameter apertures.
Table 2. Narrowband filters.
Hα [OIII] [OII]
λc
† [A˚] ∆λ † [A˚] (λ= 6564.6)‡ (λ= 5008.2)‡ (λ= 3727.1,3729.9)‡
z z range z z range z z range
NB816 8177 113 0.246 0.237 – 0.254 0.633 0.621 – 0.644 1.19 1.18 – 1.21
NB921 9214 135 0.404 0.393 – 0.414 0.840 0.826 – 0.853 1.47 1.45 – 1.49
† The value is derived from the area-weighted mean response function (Kawanomoto et al. 2017, in prep.).
‡ Vacuum wavelength in the rest-frame in units of A˚.
convolved with point spread function (PSF) (see Bosch et al.
2017 for the details). The cosmological parameters of H0 = 70
km s−1 Mpc−1, Ωm = 0.3 and ΩΛ = 0.7, along with Chabrier
(2003) initial mass function (IMF), are adopted.
2 DATA
2.1 HSC-SSP PDR1
This work is based on the first Public Data Release (PDR1)
of the HSC-SSP which were available on 2017 February 28
(Aihara et al. 2017a). The processing of the HSC-SSP data, in-
cluding data reduction, object detection, and photometry, is con-
ducted with the HSC software pipeline (hscPipe 4.0.1, Bosch
et al. 2017), essentially equivalent to that for the Large Synoptic
Survey Telescope (LSST, Ivezic et al. 2008; Axelrod et al.
2010; Juric´ et al. 2015). The astrometry and photometry are
calibrated with Pan-STARRS1 (PS1, Tonry et al. 2012; Schlafly
et al. 2012; Magnier et al. 2013). One should refer to Aihara
et al. (2017a) for full details regarding the data set of the HSC-
SSP PDR1 and to Bosch et al. (2017) for the data processing.
Hereafter, we briefly describe critical points with respect to the
data products including the photometry.
In this release, NB data from two filters (NB816 and NB921;
Table 1) are available. Of the two UD fields and four D fields
defined in the HSC-SSP survey, the NB816 data are taken in one
UD field and one D field, while the NB921 data are taken in both
UD fields and three D fields, which results in an effective cov-
erage of 5.68 (16.2) deg2 by 4 (12) FoVs of HSC using NB816
(NB921). Since the NB921 data have an 0.72 deg2 of overlap
between the UD-COSMOS and D-COSMOS fields, we account
for this when determining the total effective area coverage. The
median seeing is 0.62 (0.70) arcsec in NB816 (NB921), respec-
tively. The integration time of the NB data are 4-7 hours in the
UD fields and 1-2 hours in the D fields. The 5σ limiting mag-
nitudes of NB816 are 25.2 and 24.8 in the UD and D fields,
and those of NB921 are 25.1 and 24.6 in the UD and D fields.
The limiting magnitudes provided here are estimated from the
standard deviation of sky values within randomly-distributed 2′′
diameter apertures. Note that Aihara et al. (2017a) measure the
5σ depth for point sources in a different manner. The data from
all of the five BBs, grizy, are also available in the area covered
by the NB data. The median seeing ranges from 0.61 – 0.83
arcsec. The i and z-band data are > 0.5 mag deeper than the
NB816 and NB921 data, thus indicating a depth sufficient for
the selection of emission-line galaxies.
hscPipe conducts photometry in two ways for all individual
sources detected in any of the available bands. One is unforced
photometry that is conducted in each band separately, while the
other is forced photometry that is conducted in each band on
a fixed position with the fixed profile of objects determined in a
single reference band. The reference band for the forced pho-
tometry is selected according to the priority order of i,r,z,y,g,
NB921 and NB816 for the individual objects based on which
band and at what signal-to-noise ratio (SNR) the objects are de-
tected. For instance, even if an object is detected in NB, as long
as it has a detection in any of BBs at high enough SNR, the
BB (most likely i-band) is selected as a reference band for the
forced photometry.
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Fig. 2. The mask regions for NB921 data in the UD-COSMOS field are
shown in blue, which are used to exclude satellite trails, moving objects,
and ghost-like features in the coadded NB images.
2.2 Catalogs of galaxies detected in narrowbands
Catalogs of objects are retrieved from the Catalog Archive
Server (CAS) of the HSC-SSP data (Takata et al. 2017, in
prep.). We describe how to select the NB-detected galaxies in
this section, and the details of the flags we apply are shown in
Appendix 1.
2.2.1 NB-detected objects
Detection in any of the NB filters is a necessary condi-
tion, because we are interested in galaxies with a nebular
emission line that enters NB816 or NB921. We select de-
blended objects that are detected in NB816 or NB921 at a
SNR, flux cmodel/flux cmodel err, greater than 5 in the
unforced photometry. We also require that the objects meet
the criteria for a likely significant detection of the cmodel mea-
surement in a region that is not affected by saturation, cos-
mic rays, and bad pixels. Since the edge regions where the
number of co-added frames in NB816 or NB921 is less than
3 (10) in the D (UD) fields are shallower than the other re-
gions of the D (UD) fields, objects in the shallow regions are
removed. With these requirements, we generate catalogs of
NB-detected objects with clean photometry from the catalog
database. However, we notice that there can be satellite trails,
moving objects, and ghost-like features left in the coadded NB
images, which are the known problems in the HSC-SSP PDR1
(Aihara et al. 2017a). Some regions around very bright stars
and near the edge of the FoV also have bad quality. Therefore,
we apply masks to exclude such objects and regions from the
catalogs. While hscPipe already provides bright object masks
and flags for masking (Coupon et al. 2017), the masks that we
produce as described in the next section are complementary to
those provided by the HSC-SSP.
2.2.2 Masked regions
Because a single visit1 with the NB filter is taken with a long
exposure time (15 min), satellite trails are seen in NB images.
Note that the bright satellite trails are removed from the coadd
image by combining the visit images while clipping pixels
having significantly deviant fluxes. If there are satellite trails
and moving objects only in the NB images, such objects can
be regarded as objects that are much brighter in NB than in BB
and then misidentified as emission-line galaxies. Therefore, it
is important to exclude such objects by masking them.
To find the satellite trails and moving objects in the coadd
NB image, the individual warped visit images are examined.
Among pixels with a detection flag on in the mask layer stored
in the coadd fits image, we search for pixels that attribute the
detection to a large flux from only a single visit image. Pixels
forming a line on the coadd image are candidates of satellite
trails and moving objects. We set the mask regions to cover
the pixels of satellite trails and moving objects. We then make
fine adjustments to the masks manually. We also add additional
mask regions for the bleed trails of saturated stars based on the
mask image layer of the coadd fits image.
Figure 2 shows the mask regions for NB921 data in the UD-
COSMOS field. The masks for NB816 and NB921 data are
available in all of the other fields as well. The effective area
shown in Table 1 is an area of the unmasked region that is cal-
culated with the random catalog including the randomly dis-
tributed objects (Aihara et al. 2017a).
2.2.3 Removal of stars and junk objects
Furthermore, we need to exclude stellar objects as well as junk
objects that hscPipe cannot identify. In order to exclude stars,
we use a probability of an object being a star, pstar, which
is estimated by a supervised learning star/galaxy classification
code (Bosch et al. 2017). The information of pstar is avail-
able in the S15B internal release but not in the HSC-SSP PDR1
data as of the public release in 2017 February. Note that in the
UD and D fields the S15B internal release data are equivalent
to the PDR1 data (Aihara et al. 2017a). We also use the flag
of classification extendedness, which can identify stellar
objects with few contaminants down to i ∼ 23 (Aihara et al.
2017a). We find that the two flags are complementary and the
combination of pstar and classification extendedness is
more effective at identifying stellar objects. Objects with the
flag of pstar>0.5 or classification extendedness=0 ∧
mag psf<23.0 in i-band are rejected as stellar objects, which
amounts to ∼7-13% of the NB-detected objects in each field.
This procedure can exclude not only stars but also point sources
such as active galactic nuclei (AGNs), which is discussed in
1 The followings are HSC/LSST-specific terms seen in this paper (Aihara
et al. 2017a). visit is an ID number of the individual shots. tract is a
pre-defined region covering ∼ 1.7× 1.7 deg2. A single tract is divided
into 9× 9 sub-regions called patch that covers ∼ 12× 12 arcmin2 .
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Fig. 3. Detection completeness as a function of i (z) and NB816 (NB921)
magnitudes. The upper left panel shows the completeness for NB816-
detected objects in the UD-SXDS field, while the upper right panel shows
for NB921-detected objects in the UD-COSMOS field. Synthetic objects with
a profile of the PSF and various combination of i and NB816 magnitudes (or
z and NB921) are randomly embedded within images to measure the com-
pleteness. The lower panel shows the detection completeness in NBs for the
individual fields as a function of NB magnitude.
§ 3.5. We find that large objects with a minor axis greater than
3 arcsec or small objects with a major axis less than the size
of PSF are highly likely to be flagged as a junk object. These
objects are also removed from the catalogs.
2.3 Quality verification of NB data
2.3.1 Detection completeness
Detection completeness is important to determine the faint end
of number counts (§ 2.3.3) and luminosity functions (§ 4.2). To
assess the completeness for individual fields, we use the soft-
ware pipeline, SynPipe (Huang et al. 2017), which can ran-
domly embed artificial objects in the individual CCD images.
Then, we run hscPipe on the CCD images with the synthetic ob-
jects to conduct the same processes of coadd, object detection,
and photometry as for the original data. We compare the cata-
log of detected sources output by hscPipe with the list of syn-
thetic objects input to SynPipe, where we use an aperture with
a radius of 2 pixels (i.e., 0.34 arcsec) for matching between the
input and output catalogs without any constraint on magnitude
difference. Since emission-line galaxies are selected based on a
color of NB and BB both of which cover the same wavelengths,
the completeness of emission-line galaxies should depend on
the color of i−NB816 (z−NB921) for NB816 (NB921) emit-
ters. Therefore, we investigate the completeness as a function
of i (z) and NB816 (NB921) as shown in Figure 3.
We construct objects with a profile of the PSF as synthetic
objects for the measurement of detection completeness. The
PSF is modeled on each CCD image by hscPipe based on the
actual stars (refer to Bosch et al. 2017 for the details of the PSF
modeling). We note that galaxies do not have a profile of the
PSF but rather have an extended profile. However, star-forming
galaxies at z < 2 have varying profiles depending on their in-
trinsic properties thus it is reasonable to assume such a simpli-
fication of the profile of synthetic objects. Our assumption of
the PSF profile can result in the overestimate of the detection
completeness.
To investigate the completeness of objects with a given i or
z magnitude, we make an input list of 1,000 synthetic objects
with NB816 or NB921 of 18.0–28.0 mag at 0.5 mag bin of BB
in each patch. Then, twenty input lists are prepared to cover the
same range of BBmagnitudes as the NB magnitudes (18.0–28.0
mag). In this procedure, we run SynPipe in a single patch in
each field per each NB data. We select the following represen-
tative patch, where there are not any very bright stars, satellite
trails, and bad areas, for each field: (tract1, patch) = (9813,
‘7,7’) for D-COSMOS, (9706, ‘1,3’) for D-DEEP2-3, (17130,
‘3,2’) for D-ELAIS-N1, (9813, ‘4,3’) for UD-COSMOS, (8523,
‘3,6’) for UD-SXDS. The detection completeness estimated in
UD-SXDS (UD-COSMOS) for NB816 (NB921) is shown in
Figure 3. As expected, the completeness is lower at fainter mag-
nitude in both BB and NB.
Aihara et al. (2017a) also measure the detection complete-
ness by embedding synthetic objects with a PSF profile in coad-
ded images directly and then running hscPipe to retrieve the
embedded objects. Our measurement is consistent with theirs.
2.3.2 Dependence of NB response function on radius
Since the diameter of the HSC filters is as large as 60 cm, the
filter response curve is slightly dependent on the position on the
filter. The measurement of response curve at the various po-
sitions of the filter shows that the response curve can change
along the radial direction and not along angular direction. The
central wavelength and full width at half maximum (FWHM) of
the response curve can become longer and wider by 14A˚ (15A˚)
and 4.0A˚ (4.5A˚) at larger radius for NB816 (NB921), respec-
tively. One should also refer to Kawanomoto et al. (2017), in
prep. for the details of the HSC filters.
We compare the photometry between UD and D layer data
for identical objects in an overlapping patch of the COSMOS
field. Since the pointing coordinates are different between the
UD and D layers, the objects in the region of the UD-COSMOS
are observed in a position closer to the center of HSC FoV than
those in the D-COSMOS. We make sure that no systematic dif-
ference is seen between the photometry. We also investigate the
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Fig. 4. Number counts of NB-detected galaxies. Open circles show the
number densities of the galaxies detected in NB816 or NB921 regardless of
detection in any other bands. Among the galaxies, the number densities of
the NB-detected galaxies with detection in all of the BBs are shown by the
filled circles. Note that the number densities are corrected for the detection
completeness estimated in § 2.3.1. The objects with magnitudes brighter
than 17.5 mag are rejected due to the saturation. The upper panel shows
the NB816 data and the lower panel shows the NB921 data. The number
counts are compared with the previous studies (Ouchi et al. 2008; Ouchi
et al. 2010; Kashikawa et al. 2004; Capak et al. 2007).
dependence of the BB-NB colors in galaxies and stars and the
number counts of NB-detected galaxies on the patch. All of the
validation tests suggest that there is no significant impact of the
slight non-uniformity in the filter response on the photometry of
objects in the NBs, the detection of the objects in the NBs, and
selection of NB emission-line galaxies.
2.3.3 Number counts
Number counts of detected galaxies are a useful tool to verify
our detection and galaxy selection. Figure 4 shows the number
densities of the NB-detected galaxies that we have selected in
the NB816 and NB921 data. Both number densities in NB816
and NB921 show the similar behavior to each other. As ex-
pected, the number densities of galaxies increase up to about
24.5 (25.0) magnitudes in the D (UD) fields. The values are
consistent with the limiting magnitudes shown in Table 1. In the
range of 20–24 mag, the number densities of galaxies detected
in individual D or UD fields are consistent with each other. This
suggests that there is no significant field-to-field variance for the
NB-detected galaxies within this magnitude range. However,
there is larger variance at brighter magnitudes of < 20 mag.
This is expected since the number of bright galaxies is small
and thus the bright end of number densities is more sensitive to
a field variance than the fainter part. The NB921 number den-
sities in the UD fields show the slight difference, while those in
the D fields show better consistency. Thus, it is important to sur-
vey area wider than ∼ 2 deg2 (1 FoV of the HSC) to overcome
the field variance in bright galaxies.
As mentioned in § 2.2.1 (see also Appendix 1), we exclude
bright objects when the central 3×3 pixels are saturated. Drake
et al. (2013) point out the possibility that bright emission-line
galaxies can be missed due to the magnitude cut at the bright
end (see also Stroe et al. 2014). It is thus important to know
the influence of the saturation limit on the bright end of the
number counts. To estimate magnitudes where saturation oc-
curs for extended sources, we compare the HSC-SSP catalogs
with the COSMOS2015 catalog (Laigle et al. 2017) for objects
with flags pixel saturated center=True in NB921, and
find that they have a 2” aperture magnitude in z′ brighter than
17.3 mag in the COSMOS2015 catalog. The saturation magni-
tudes for point sources are discussed in Coupon et al. (2017).
Therefore, we limit our samples to the objects with cmodel
magnitude fainter than 17.5 mag conservatively.
We compare the number densities of the galaxies that we
have selected with previous studies in general deep fields
(Ouchi et al. 2008; Ouchi et al. 2010; Kashikawa et al. 2004;
Capak et al. 2007). We compare our results with the num-
ber densities of galaxies detected in NB816 and NB921 of
Subaru/Suprime-Cam in the SXDS field (Ouchi et al. 2008;
Ouchi et al. 2010). They surveyed ∼ 1 deg2 with the similar
NB filters to those of HSC down to 26 mag. We also compare
with the number densities of galaxies detected in i (z) band for
NB816 (NB921) detected galaxies, that is, galaxies detected in
bands at similar wavelength are compared. Kashikawa et al.
(2004) surveyed the SDF covering 0.25 deg2, while Capak et al.
(2007) observed the COSMOS field covering 2 deg2. Since the
number densities of emission-line galaxies showing an excess in
BB-NB is much smaller than those of galaxies without the color
excess, the comparison is meaningful in particular in the magni-
tude range of < 20 mag where the NB816 and NB921 number
counts from the previous studies are not available. Figure 4
shows that the number densities of galaxies selected based on
HSC-SSP data are consistent with the previous studies. This
suggests that the object detection by hscPipe works well and
the magnitude cut of 17.5mag to avoid saturation is reasonable.
3 Emission-line galaxies at z < 1.5
The flux density observed in a spectral band where an emission
line enters is expressed by the following: fλ,band = fλ,cont +
fel/∆band, where fλ is the flux density, fλ,cont is for the stel-
lar continuum, fel is the emission-line flux, and ∆band is the
width of the filter. Magnitudes in NB are more sensitive to an
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Fig. 5. Colors of stellar continuum in i−NB816 (z−NB921) for galaxies as
a function of r − z (i− y). Since the effective wavelength of NBs is dif-
ferent from that of BBs, galaxies with redder colors tend to show a larger
value in the BB-NB colors which can mimic the color excess in emission-line
galaxies. The thin lines show the color tracks of model spectra by Bruzual &
Charlot (2003) for galaxies at z = 0–2. The details of the model spectra are
described in the text. The circles show the colors of galaxies at the specific
redshifts that NB816 or NB921 can probe. The gray thick lines show a line
fitted to the circles. In background, color distribution for galaxies with NB =
18–23 mag is shown in gray scale using HSC data, which is consistent with
the model color tracks.
emission line entering the filter than those in BB by a differ-
ence in the width of filter. Since the flux density of the stellar
continuum also contributes to magnitudes in NB, emission lines
selected by NB imaging are required to have not only flux but
also EW large enough to make a difference between NB and
BB magnitudes. In practice, galaxies with such an emission
line at specific redshifts matched to a wavelength of the NB are
observed significantly brighter in the NB than the closest BB
(e.g., NB816 against i or NB921 against z). In this section, we
select Hα emitters (HAEs) at z∼0.25, [OIII] emitters (O3Es) at
z∼0.63, and [OII] emitters (O2Es) at z∼1.19 from the NB816-
detected galaxies, and HAEs at z∼ 0.40, O3Es at z∼ 0.84, and
O2Es at z ∼ 1.47 from the NB921-detected galaxies (Table 2).
3.1 Selection
We compare the flux densities between i and NB816 for the
NB816-detected galaxies (z and NB921 for the NB921-detected
galaxies) to select the NB816 (NB921) emission-line galaxies.
The flux densities measured in unforced photometry are used
for the comparison. The flux densities in BB of i or z are
dominated by the stellar continuum, while the flux densities in
NB are dominated by the emission line if the line with an EW
large enough to be detected enters the NB. We must keep in
mind that the spatial distribution of regions emitting the neb-
ular emission lines is not necessarily the same as that of the
stellar component in a galaxy (Nelson et al. 2012; Nelson et al.
Fig. 6. Colors of i−NB816 (z−NB921) as a function of NB816 (NB921)
magnitude in the UD-SXDS (UD-COSMOS) field. In each NB data, the up-
per panel shows the color distribution for galaxies, where the colors are cor-
rected for the color term shown in Figure 5. The color coding is based on the
number of galaxies in each bin. Although the sequence of galaxies without
emission line is slightly shifted from i−NB816=0 for NB816 data, this shift is
consistent with what is shown in Figure 5. The correction of the color term is
optimized for emission-line galaxies at the redshifts that NB816 can probe.
The correction by which galaxies are distributed around i−NB816=0 results
in an overestimation of stellar continuum for the emission-line galaxies. The
lower panel shows the color distribution for the emission-line galaxies se-
lected. The dashed lines shows the color cut that we apply: i-NB816=0.35
and z-NB921=0.30.
2016). The extended nebular emission galaxies such as [OII]
blobs are one of the extreme cases (Brammer et al. 2013; Yuma
et al. 2013; Yuma et al. 2017). As described in §2.1, one of the
BBs is selected in a higher priority than NB as a reference band
for the forced photometry by hscPipe in the case of z < 1.5
galaxies with stellar continuum detected, although the situation
may change for Lyα emitters that have no detection in some
of bluer BBs. This means that the forced photometry is con-
ducted based on the light profile of the stellar component. As
a result, the comparison between the unforced fluxes in BB
and NB allows us to properly estimate the contribution of the
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Fig. 7. Number counts of emission-line galaxies. The left two panels show the NB816 emitters and the right two panels show the NB921 emitters. The upper
two panels are the number counts as a function of emission-line flux and the lower panels are the same but as a function of NB magnitude. The number
densities are corrected for the detection completeness as estimated in § 2.3.1.
emission line to NB.
There is a slight difference in effective wavelength between
i (z)-band and NB816 (NB921) (see Fig. 1), implying that the
photometry in NB and BB results in the measurement of the
flux densities at slightly different wavelengths. It is thus im-
portant to correct for the color term to properly estimate the
stellar continuum underlying a emission line. Since the redder
stellar continuum is more sensitive to the difference of the effec-
tive wavelength of the filter response function, the correction of
color term should depend on the galaxy color. We use the stel-
lar population synthesis models of Bruzual & Charlot (2003) to
estimate the intrinsic colors of stellar continuum for galaxies at
redshifts that the NB filters can probe. The color of i−NB816
(z−NB921) is investigated as a function of r− z (i− y) color.
Figure 5 shows the color tracks for the galaxies with simple stel-
lar population (SSP) or constant star formation (CSF) with ages
of 100Myr, 500Myr, 1Gyr and 3Gyr at z = 0–2. We assume a
dust extinction of E(B − V ) = 0.0 for the galaxies with SSP
and E(B−V ) = 0.0 or 0.4 for the galaxies with CSF under the
Calzetti et al. (2000) extinction curve. No emission line is taken
into account in the model spectra, because we focus on the col-
ors of stellar continuum. The color tracks indicate that there is a
color variation at a given r− z or i−y color and some galaxies
can have red BB-NB colors of more than 0.2. Since we focus
on the emission-line galaxies at specific redshifts and prefer to
avoid an overcorrection of the color term for the galaxies, we
derive the relation between i−NB816 and r− z (z−NB921
and i−y) by fitting the colors of the model galaxies at redshifts
that the NB filters can probe (the gray line in Figure 5):
i−NB816 = 0.108(r− z)− 0.034 (1)
for NB816-detected galaxies,
z−NB921 = 0.110(i− y)− 0.023 (2)
for NB921-detected galaxies. The color distribution of the ac-
tual galaxies is consistent with the color tracks of the model
galaxies. Therefore, we apply the color term to correct for the
BB colors as a function of r− z (i− y) for NB816 (NB921)
detected galaxies as shown in Figure 5. The validity of this
correction is supported by the result that the corrected BB-NB
colors of galaxies are more tightly distributed around BB-NB=0
than before the correction (Figure 6).
We select galaxies with a difference between BB and NB
magnitudes larger than 5σ uncertainty as shown in Figure 6.
This 5σ cut is relevant at faint magnitudes. At bright magni-
tudes, Figure 5 suggests that bright galaxies with intrinsic red
colors in the stellar continuum can be included as contaminants.
We thus apply an additional cuts of i-NB816 > 0.35 and z-
NB921 > 0.30. The color cuts are determined to exclude galax-
ies with spectroscopic redshifts located outside of the redshift
ranges of possible NB emission-line galaxies. The criterion of
the color cut is supported by the color tracks shown in Figure 5.
The BB – NB of 0.35 (0.30) mag corresponds to an observed
EW of 48A˚ (56A˚) for NB816 (NB921) emitters. We further
apply a requirement that objects are detected in all five broad-
bands (i.e., merge peak=True and detected notjunk=True).
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This is because photometric redshifts or galaxy colors are re-
quired to distinguish between different emission lines, which is
discussed in § 3.3. As a result, 8,597 and 18,310 candidates
of NB816 emission-line galaxies are found in the UD-SXDS
and D-DEEP2-3 fields, while 6,416, 6,074, 5,570, 15,909, and
11,856 candidates of NB921 emission-line galaxies are found in
the UD-COSMOS, UD-SXDS, D-COSMOS, D-DEEP2-3, and
D-ELAIS-N1 fields, respectively.
3.2 Number counts of emission-line galaxies
Figure 7 shows the number counts of emission-line galaxies.
Based on these plots, we choose to apply magnitude cuts to en-
sure complete samples. We place a cut at 23.5 and 24.0 in the D
and UD fields. The line fluxes are 2–3×10−17 erg s−1 cm−2 in
the D fields, and 1.5–2×10−17 erg s−1 cm−2 in the UD fields.
Note that these magnitudes are not the limiting magnitudes in
the NB data itself but the magnitudes at the peak of the number
counts of the emitters which ensures a high level of complete-
ness. Indeed, the magnitudes are∼1 mag shallower than the 5σ
limiting magnitudes of NB816 and NB921. The imposition of
detection in all BBs on the emitters also contributes to the differ-
ence with the limiting magnitudes of the NB detections them-
selves. For the NB816 emitters, the number counts are con-
sistent with each other between the two fields. For the NB921
emitters, the number counts are consistent with each other be-
tween the fields at the faint end of< 2×10−16 erg s−1 cm−2 or
> 21mag. However, there is a large variation between the fields
at the bright end (right panels of Figure 7), suggesting that the
wide-area survey is essential to search for bright galaxies whose
number density is small. Since we limit the samples to galaxies
with NB magnitudes fainter than 17.5 mag, it is probable that
we miss very bright NB816 (NB921) emitters (see also the dis-
cussion in Drake et al. 2013 and Stroe et al. 2014). The cut of
17.5 mag and BB-NB colors of 0.35 (0.30) that we apply in the
selection of emission-line galaxies implies that most of NB816
(NB921) emitters with line fluxes larger than 5.5 (5.0) × 10−15
erg s−1 cm−1 cannot be selected.
3.3 Line identification
The NB816 and NB921 emission-line galaxies selected in § 3.1
could be identified with one of several strong nebular emission
lines. Possible candidates are typical emission lines of Hα,
[OIII], Hβ, and [OII] in rest-frame optical wavelengths from
star-forming galaxies at the specific redshifts of z = 0.2–1.5
(Table 2).
We take three steps to identify emission lines. First, we use
public spectroscopic redshifts available in the D and UD fields
from the literature2 which are incorporated into the HSC-SSP
2 zCOSMOS DR3 (Lilly et al. 2009), UDSz (Bradshaw et al. 2013; McLure
Fig. 8. Distribution of photometric redshift of galaxies selected as NB
emission-line galaxy candidates in all of the D and UD fields (gray his-
tograms), where five photometric redshifts calculated by different codes
(MNPZ, DEmP, MLZ, Franken-z, and Mizuki; Tanaka et al. 2017) are avail-
able for individual galaxies. The upper panels are for the NB816 emitters
and the lower panels are for the NB921 emitters. Among them, the galaxies
with Hα, [OIII], [OII] emissions identified in § 3.3 are shown in red, green,
and blue histograms, respectively.
database (Takata et al. 2017, in prep.). We can identify a spe-
cific emission line as contributing to the excess flux in the NB
data if a spectroscopic redshift is available and it agrees with
the observed wavelength coverage of the NB filter. As shown
in Table 2, the NB can probe a specific range of redshifts. If
the spectroscopic redshift of the galaxy is within the range, the
emission line is identified. Otherwise, if a redshift exists but is
in disagreement with the NB line detection, the galaxy is ex-
cluded from the sample and considered a contaminant.
In addition, we use photometric redshifts and their errors to
et al. 2013), 3D-HST (Skelton et al. 2014; Momcheva et al. 2016), FMOS-
COSMOS (Silverman et al. 2015), VVDS (Le Fe`vre et al. 2013), VIPERS
PDR1 (Garilli et al. 2014), SDSS DR12 (Alam et al. 2015), WiggleZ DR1
(Drinkwater et al. 2010), DEEP2 DR4 (Davis et al. 2003; Newman et al.
2013), and PRIMUS DR1 (Coil et al. 2011; Cool et al. 2013).
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identify emission lines. We calculate five independent sets of
photometric redshifts by the different codes for the S15B inter-
nal release data (Tanaka et al. 2017). Among them, we use four
sets for the line identification. One photometric redshift cata-
log (DEmP, Hsieh & Yee 2014) is not used because the uncer-
tainties on the photometric redshifts are largely over-estimated3 .
However, note that there is no problem with the estimated pho-
tometric redshifts themselves. We thus use a combination of the
four photometric redshifts in order to identify the emission line.
First, we apply a photo-z quality cut appropriate for the indi-
vidual photo-z sets, e.g., reduced χ2 < 5 for the MIZUKI code,
to ensure that uncertain photo-z’s are eliminated and only more
likely photo-z’s are used for the identification. If the galaxy
meets the quality cut, we look for possible emission-line red-
shifts. If one of the emission-line redshifts is consistent within
the photo-z 95% confidence interval, then we assign the galaxy
to that emission line. If an object is consistent with multiple
emission-line redshifts, we assign the object to the emission
line at the redshift closest to the photo-z. Finally, we com-
bine the four photo-z estimates; when three estimates or more
agree on the emission-line redshift, we assign the redshift to
that object. Otherwise, the galaxies are excluded from the sam-
ple. Figure 8 show the redshift distributions of emission-line
galaxies for individual photometric redshifts. There are several
peaks around the emission-line redshifts that we expect from the
wavelength of NB (Table 2), which indicates that our method to
select emission-line galaxies works well. However, we also note
that the galaxies selected as a NB816 emitter show the peak at
z ∼ 1.0, which is not expected. The peak is likely due to red
galaxies with strong Balmer/4000A˚ break being incorrectly se-
lected as an emission-line galaxy (Figure 5). The contamination
of the strong Balmer/4000A˚ break galaxies is also reported by
Sobral et al. (2012). Because the effective wavelength of NB is
longer than that of BB, if galaxies without emission line have
the strong continuum break between the effective wavelengths
of BB and NB, the NB magnitude can be brighter than the BB
magnitude significantly. Although we correct the BB magni-
tudes for the color term to not select such galaxies with red
continuum colors as discussed in §3.1, the color term correc-
tion is optimized for galaxies at the specific redshifts that the
NBs can probe. Figure 5 suggests that the correction can be un-
derestimated for galaxies at other redshifts. Furthermore, since
the i-band filter is wider than the z-band and the difference of
effective wavelength between BB and NB is larger for the pair
of i and NB816, the i−NB816 colors are easier to select such
red galaxies than the z−NB921 colors. It is difficult to distin-
guish the NB816 O2Es at z∼ 1.2 from the red galaxies at z∼ 1
based on the two color diagrams shown below. There is another
small peak at the redshift next to the [OIII] line, i.e., z ∼ 0.7
3 This issue is only for the S15B internal data release and the DEmP photo-
z’s in PDR1 do not have such an issue.
Fig. 9. Color–color diagrams used for line identification. The upper panels
are the diagrams for NB816 emitters, and the lower panels are for NB921
emitters. In each panel, emission-line galaxies with spectroscopic redshifts
in all of the fields are plotted. Individual galaxies are shown as fainter sym-
bols and the contours are shown in solid lines for Hα in red, [OIII] in green,
and [OII] in blue. For NB816 emitters, O2Es at z ≈ 1.19 are distinguished
from the others based on g− i vs. r− y, and then HAEs at z ≈ 0.25 are
distinguished from O3Es at z ≈ 0.63 based on r− i vs. g− r. For NB921
emitters, HAEs at z≈ 0.40 are distinguished from the others based on g−r
vs. r−z, and then O2Es at z≈1.47 are distinguished from O3Es at z≈0.84
based on r− i vs. i− y. The boundaries are specified in the text.
for NB816 and z ∼ 0.9 for NB921. This is likely that for Hβ
emission-line galaxies. Therefore, Figure 8 indicates that the
line identification based on the photometric redshift is effective
in reducing contamination, as discussed in more detail in § 3.4.
Finally, if the galaxy is not identified yet based on the infor-
mation on spectroscopic and photometric redshifts, we use col-
ors to identify emission line as shown in Figure 9. This case can
apply to galaxies with faint stellar continuum or galaxies with
strong emission lines that impact on the BB magnitudes. The
colors of the galaxies are measured with magnitudes in forced
photometry, because we are now interested in the colors of stel-
lar continuum. For NB816 emitters, we use g− i versus r− y
colors to distinguish [OII] at z ∼ 1.19 from the others:
(r− y)> (g− i), (3)
and then r− i versus g− r colors to distinguish Hα at z ∼ 0.25
from [OIII] at z ∼ 0.63:
(g− r)> 1.7(r− i)− 0.05. (4)
For NB921 emitters, we use g− r versus r− z colors to distin-
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Fig. 10. Same as Figure 8, but for NB921 emitters in the UD-COSMOS field.
The photometric redshifts are from the COSMOS2015 catalog (Laigle et al.
2016) instead of those estimated from HSC-SSP data.
guish Hα at z ∼ 0.40 from the others:
(g− r)> 0.3 ∧ (r− z)< 1.4 ∧ (r− z)< 1.24(g− r), (5)
and then r− i versus i−y colors to distinguish [OII] at z∼ 1.47
from [OIII] at z ∼ 0.84:
(i− y)< 1.2 ∧ (i− y)< 1.02(r− i)+0.15. (6)
The color criteria are determined based on the colors for
emission-line galaxies with spectroscopic redshifts.
3.4 Validation of the line identification
To validate our selection and line identification, we use the
galaxies that are selected as NB emission-line galaxies in § 3.1
and have spectroscopic redshifts. We find that among 84
NB816-HAEs with a spectroscopic redshift at z ≈ 0.25, 343
NB921-HAE at z ≈ 0.40, 203 NB816-O3Es at z ≈ 0.63, 274
NB921-O3E at z ≈ 0.84, 199 NB816-O2Es at z ≈ 1.19 and
109 NB921-O2E at z ≈ 1.47, our identification with photomet-
ric redshifts and BB colors selects 94% of the NB816-HAEs at
z ≈ 0.25, 85% of the NB921-HAEs at z ≈ 0.40, 77% of the
NB816-O3Es at z≈ 0.63, 84% of the NB921-O3Es at z≈ 0.84,
93% of the NB816-O2Es at z ≈ 1.19 and 88% of the NB921-
O2Es at z ≈ 1.47. The results indicate that the high fraction
of emission-line galaxies without spectroscopic redshift can be
properly identified. On the other hand, the identification with
photo-z’s or colors can contain 33% of the contaminants with an
inappropriate spectroscopic redshift in the NB816-HAEs sam-
ple, 17% in the NB921-HAE sample, 13% in the NB816-O3E
sample, 15% in the NB921-O3E sample, 40% in the NB816-
O2E sample and 43% in the NB921-O2E sample. The O2E
samples can contain the relatively large fraction of contamina-
tion compared with the samples of the other lines. This is be-
cause since the [OII] doublet at λλ = 3727,3730A˚ are located
near the Balmer/4000A˚ break, it is hard to estimate the stellar
continuum level underlying the line only with the photomet-
ric data and the BB-NB colors of strong Balmer/4000A˚ break
galaxies are easy to mimic those of emission-line galaxies as
discussed in the previous section.
Figure 10 shows the photometric redshift distribution of
emission-line galaxies in the UD-COSMOS. As a further
test, we use the many-band photometric redshifts from the
COSMOS2015 catalog (Laigle et al. 2017), which are avail-
able for essentially all the NB emitters. Because the photomet-
ric redshifts in the COSMOS2015 catalog are estimated from
30-band photometry covering wide wavelengths from NUV to
MIR, they are more precise (σ(∆z/(1 + z)) ∼ 0.007: Laigle
et al. 2017) than the photometric redshifts from 5-band pho-
tometry of the HSC-SSP (σ(∆z/(1+ z)) ∼ 0.05: Tanaka et al.
2017). Therefore, the distribution with the sharp peaks at the
expected redshifts also indicate the validity of our selection and
line identification of emission-line galaxies (see also Figure 8).
In our line identification, we distinguish [OIII] from Hβ
based on the photometric redshifts, because it is impossible to
do that based on the color–color diagrams (Figure 9). We es-
timate an amount of Hβ emitters that can be included in the
O3E sample. Among 14 Hβ emitters at z ∼ 0.68 and 39 Hβ
emitters at z ∼ 0.89, which are classified by the spectroscopic
redshifts, 43% of Hβ emitters at z ∼ 0.68 and 21% of Hβ emit-
ters at z∼ 0.89 are identified as O3Es based on the photometric
redshifts and colors. However, among the contamination in the
O3E samples, the fraction of Hβ emitters are less than 25%.
Therefore, we conclude that the contamination of Hβ emitters
in the O3Es sample is not so severe. Figure 8 also support our
line identification between [OIII] and Hβ.
3.5 AGN contamination
Since an AGN can contribute to the strong nebular emission
lines from galaxies, objects with an emission line detected by
the NB imaging can be AGNs, not star-forming galaxies. Sobral
et al. (2016) find by spectroscopy that 30% of luminous HAEs
at z = 0.8–2.2 can be AGN and the fraction of AGN increases
with Hα luminosity at L(Hα) > 1042 erg s−1. The trend is
not dependent on the redshifts of HAEs. Other previous studies
have reported several percent of X-ray detected AGN contami-
nation in the NB emitter samples (e.g., Garn et al. 2010; Calhau
et al. 2017; Matthee et al. 2017). It is thus important to estimate
the fraction of AGNs in the samples of emission-line galaxies
that we have selected.
We use the 4.6 Ms X-ray data by the Chandra COSMOS-
Legacy Survey (Civano et al. 2016) which almost fully covers
the UD-COSMOS field. The D-COSMOS field is partially cov-
ered. Marchesi et al. (2016) present the catalog of 4016 X-
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Table 3. Samples of emission-line galaxies. The number of emission-line galaxies with a NB magnitude and an
emission-line flux brighter/larger than the limit above which the sample is complete (§ 3.2) is shown. Magnitudes are given in
units of AB mag, fluxes are in units of erg s−1 cm−2, and the survey volumes are in units of comoving Mpc3 h−3
70
. The value
within the parenthesis shows the number and volume for the area excluding the overlapping regions between UD-COSMOS
and D-COSMOS fields.
Hα emitters (HAEs)
NB816 (z = 0.25) NB921 (z = 0.40)
Field # of objects mag cut flux cut Volume # of objects mag cut flux cut Volume
UD-COSMOS · · · · · · · · · · · · 471 24.0 2.0× 10−17 1.5× 105
(441) (1.5× 105)
UD-SXDS 304 24.0 1.5× 10−17 5.0× 104 422 24.0 2.0× 10−17 1.2× 105
D-COSMOS · · · · · · · · · · · · 974 23.5 3.0× 10−17 5.3× 105
(772) (4.2× 105)
D-DEEP2-3 889 23.5 2.0× 10−17 4.5× 105 2,915 23.5 3.0× 10−17 2.0× 106
D-ELAIS-N1 · · · · · · · · · · · · 2,311 23.5 3.0× 10−17 1.6× 106
[OIII] emitters (O3Es)
NB816 (z = 0.63) NB921 (z = 0.84)
Field # of objects mag cut flux cut Volume # of objects mag cut flux cut Volume
UD-COSMOS · · · · · · · · · · · · 1,127 24.0 2.0× 10−17 5.5× 105
(1,074) (5.2× 105)
UD-SXDS 894 24.0 1.5× 10−17 2.9× 105 762 24.0 2.0× 10−17 4.6× 105
D-COSMOS · · · · · · · · · · · · 851 23.5 3.0× 10−17 1.6× 106
(609) (1.3× 106)
D-DEEP2-3 1,334 23.5 2.0× 10−17 2.5× 106 2,409 23.5 3.0× 10−17 6.4× 106
D-ELAIS-N1 · · · · · · · · · · · · 1,574 23.5 3.0× 10−17 5.3× 106
[OII] emitters (O2Es)
NB816 (z = 1.19) NB921 (z = 1.47)
Field # of objects mag cut flux cut Volume # of objects mag cut flux cut Volume
UD-COSMOS · · · · · · · · · · · · 1,309 24.0 2.0× 10−17 1.0× 106
(1,246) (9.9× 105)
UD-SXDS 1,868 24.0 1.5× 10−17 6.9× 105 2,230 24.0 2.0× 10−17 9.0× 105
D-COSMOS · · · · · · · · · · · · 1,447 23.5 3.0× 10−17 3.3× 106
(1,222) (2.6× 106)
D-DEEP2-3 3,993 23.5 2.0× 10−17 5.9× 106 3,055 23.5 3.0× 10−17 1.2× 107
D-ELAIS-N1 · · · · · · · · · · · · 3,263 23.5 3.0× 10−17 1.1× 107
ray sources, 97% of which have an optical/IR counterpart. We
match our catalogs to the X-ray sources and then find that few
emission-line galaxies (∼ 0.1%) have a counterpart of X-ray
source. The luminosities of emission line of galaxies with an
X-ray counterpart is not so large, which is against our expecta-
tion that AGNs can have a large contribution to the bright end of
luminosity functions (discussed more in § 5.2). Also, the frac-
tion of emission-line galaxies with an X-ray counterpart does
not depend on the line, i.e., Hα, [OIII], or [OII].
As mentioned in § 2.2.3 and § 2.3.3, we remove the objects
with NB cmodelmagnitudes brighter than 17.5 or point sources
from the catalogs. Removing the objects may result in remov-
ing AGNs unintentionally from the samples of NB emitters and
that may explain the small fraction of the emission-line galaxies
with X-ray counterpart. To investigate this possibility, we match
the removed objects to the X-ray source catalog in the UD-
COSMOS field. We find that among 4016 X-ray sources, 369
NB921-detected point sources (9.2%) and 93 objects saturated
in NB921 data (2.3%) are counterparts of the X-ray sources.
Although five point sources meet the criteria of the EW cut
(i.e., z-NB921>0.3), only one source has the spectroscopic or
photometric redshifts consistent with those of NB921 emitters.
Therefore, we conclude that there is no impact of the removal
of the point sources and the saturated objects on the discussion
of AGNs in the NB emitter samples.
The COSMOS data indicates the fraction of X-ray detected
AGN contamination is small, which is ∼ 0.1%. We assume that
the contamination rate in the other fields is the same as in the
COSMOS field. Even if there are 0.1% of AGNs in the samples,
our results such as luminosity function do not change largely.
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3.6 Stellar mass of emission-line galaxies
We calculate stellar mass for the emission-line galaxies by SED
fitting with five HSC BB data using the code with Bayesian pri-
ors called ‘MIZUKI’ (Tanaka 2015). If galaxies have a spectro-
scopic redshift, the SED fitting is performed at the fixed red-
shift. Otherwise, we fix a redshift to that estimated from the
wavelength of NB (e.g., z = 0.40 for NB921 HAEs, see also
Table 2). The model SED templates of galaxies are generated
by the code of Bruzual & Charlot (2003) and emission lines are
taken into account. Metallicity is fixed to the solar value and
the extinction curve of Calzetti et al. (2000) is adopted. Ages
and optical depth in the V -band ranges 0.05–14 Gyr and 0–2,
respectively. Star formation histories of exponentially declining
model with a decay timescale of 0.1 – 11 Gyr, SSP model, and
constant SFR model are adopted. Note that the reddest HSC BB
(i.e., y-band whose effective wavelength is 9755A˚) corresponds
to the data at ∼ 4000–4500 A˚ in the rest frame for O2Es at
z = 1.19–1.47. We significantly suffer from the degeneracy be-
tween age, metallicity, and dust extinction. Thus, we impose no
dust extinction only for the O2Es at z=1.19–1.47. The assump-
tion is not unreasonable, because O2Es at z ∼ 1.5 are likely to
be less dusty star-forming galaxies (Hayashi et al. 2013).
We compare the stellar masses estimated from the five HSC
BBs with those from the more multi-wavelength data in the
COSMOS2015 catalog (Laigle et al. 2016). Note that the same
IMF (Chabrier 2003) is assumed. We find that our stellar masses
are in good agreement with those of the COSMOS2015 catalog
for the HAEs, while our stellar masses are systematically larger
by a factor of ∼ 2 at the most for the O3Es and O2Es. This
is a known bias of the code (Tanaka 2015) and it will likely be
reduced in our future runs. However, this may also imply that
multi-band data at longer wavelength such near-infrared (NIR)
data are required to estimate more accurate stellar masses for
the O3Es and O2Es at z >∼ 0.8. To keep the consistency in
data set and photometry with hscPipe between the fields, we
use only the HSC data in this paper. The studies with u-band
and NIR data are planned in the next data release (Aihara et al.
2017a). On the other hand, the systematic difference by a factor
of ∼ 2 can be caused by the different codes used for the SED
fitting even if the same data set is used (Behroozi et al. 2010).
The stellar masses that we estimate with the five BBs for the
emission-line galaxies are reliable for the HAEs and those for
the O3Es and O2Es can still be used with a caveat that there is
a possible systematic difference by a factor of ∼ 2.
3.7 Summary of catalogs of emission-line galaxies
We have identified 8,054 Hα emitters at z ≈ 0.25 and 0.40,
8,656 [OIII] emitters at z ≈ 0.63 and 0.84, and 16,877 [OII]
emitters at z ≈ 1.19 and 1.47 from NB816 and NB921 data
down to the limit of magnitude and line flux where the sam-
ples are complete. The line fluxes above the completeness limit
correspond to the observed luminosities larger than log(L/(erg
s−1)) >∼ 39.4 and 40.1 in Hα at z ≈ 0.25 and 0.40, log(L/(erg
s−1)) >∼ 40.4 and 40.8 in [OIII] at z ≈ 0.63 and 0.84, and
log(L/(erg s−1)) >∼ 41.1 and 41.4 in [OII] at z ≈ 1.19 and 1.47.
These are among the largest samples ever constructed. The sam-
ples that we have selected are summarized in Table 3. Among
the emission-line galaxies, ∼3.9% are identified by the spec-
troscopic redshift, ∼71.5% are by the photometric redshift, and
∼24.6% are by colors. The catalogs are available at the HSC-
SSP data release site4, after the paper is published.
4 Results
4.1 Spatial distribution of emission-line galaxies
Figures 11–13 show the spatial distribution of HAEs, O3Es, and
O2Es at each redshift in each field, where the emission-line
galaxies with NB magnitude brighter than and emission-line
flux larger than the limits shown in Table 3 are plotted to en-
sure homogeneity of the depth and completeness over the fields
surveyed. The figures clearly show that the individual popu-
lations of emission-line galaxies are not distributed uniformly
but constitute large-scale structures over the fields surveyed.
The scale of some structures are larger than the ∼ 1.5 degree
diameter of the HSC FoV, which corresponds to ∼50 comov-
ing Mpc at z ∼ 0.4 (e.g., HAEs in the D-DEEP2-3 field shown
in Figure 11). Evidently, HSC can allow us to reveal large-
scale structures which are hard to be fully identified even with
Subaru/Suprime-Cam with a smaller FoV (0.57× 0.45 deg2).
In each field, there are several overdense regions which seem
to be located at the intersection of the filamentary structures of
emission-line galaxies. This is a similar picture to what the hi-
erarchical structure formation predicts (e.g., Vogelsberger et al.
2014; Schaye et al. 2015; Ishiyama et al. 2015).
It is interesting to compare the cosmic web of star-forming
galaxies with the location of massive galaxy clusters. Oguri
et al. (2017) search for galaxy clusters with the number of mem-
ber galaxies larger than 15 up to z ∼ 1.1 in the HSC Wide and
Deep fields by using a red-sequence galaxy finder algorithm
named CAMIRA (Cluster finding Algorithm based on Multi-
band Identification of Red-sequence gAlaxies: Oguri 2014). We
match our emitters to the catalog of the CAMIRA clusters. The
clusters, identified with photometric redshift estimates matched
to the NB selected galaxies, are plotted in Figures 11–13 with
yellow star symbols.
Few CAMIRA clusters are found in the overdense regions
of the HAEs at z ≈ 0.25 and 0.40. It is known that the central
region of galaxy clusters at z<1.0 tends to be dominated by red
quiescent galaxies and the regions where active star formation
occurs move to the galaxy group environment in the outskirt of
4 https://hsc-release.mtk.nao.ac.jp/
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Fig. 11. Spatial distribution of the HAEs at z ≈ 0.25 (for NB816) and 0.40 (for NB921) in each fields. The dots show the individual emission-line galaxies,
whose number densities are shown by the contours. The gray regions are masked as described in §2.2.2. Star symbols show galaxy clusters at redshifts
corresponding to λc ±∆λ of the NB, which are discovered from the red-sequence galaxies by the CAMIRA code (Oguri 2014; Oguri et al. 2017).
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Fig. 12. The same as Figure 11, but for the O3Es at z ≈ 0.63 (for NB816) and 0.84 (for NB921).
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Fig. 13. The same as Figure 11, but for the O2Es at z ≈ 1.19 (for NB816) and 1.47 (for NB921). Note that the comparison with the CAMIRA clusters is not
performed for these plots. This is because the CAMIRA code identifies the galaxy clusters at only z < 1.1 with the currently available data.
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the clusters and/or general fields (Koyama et al. 2010; Koyama
et al. 2011). Star forming galaxies may not be the best tracer
of clusters at these redshifts, but in the D-ELAIS-N1 field,
there are four CAMIRA clusters at the edge of redshifts that
the NB921 can probe (Figure 11). The regions surrounding the
clusters are overdense in HAEs, that may indicate that the HAEs
are located so that they connect the clusters. Of equal interest,
we have found a super cluster that consists of two CAMIRA
clusters at z ≈ 0.41 embedded in the large-scale structures of
HAEs in the D-DEEP2-3 field (see Figure 11). The separation
between the clusters of similar redshift suggests that they are
likely merging clusters and thus may have active star formation
even in the central region of the clusters. The filamentary struc-
tures are spread out from the clusters. This structure including
two galaxy clusters should be one of the interesting regions to
investigate the environmental dependence of galaxy properties,
which is discussed in another paper by Koyama et al. (2017).
HAEs in the merging clusters at z ∼ 0.15–0.3 are also investi-
gated by Stroe et al. (2017) (see also Stroe et al. 2015).
Figure 12 shows that the O3Es at z ≈ 0.63 and 0.84 do not
solely trace galaxy clusters. However, the CAMIRA clusters at
z∼ 0.63 and 0.84 are found along the large-scale distribution of
the O3Es. [OIII] emission may not be the best indicator of SFR,
because there can be a contribution from an AGN and [OIII]
emitting galaxies can be biased towards less massive galaxies.
However, the O3Es seem to trace the cosmic web connecting
the galaxy clusters.
We have not searched for galaxy cluster at z >∼ 1.1 with the
CAMIRA code due to lack of NIR data. At z > 1, it is known
that active star formation occurs in the central region of galaxy
clusters (e.g., Hayashi et al. 2010; Hilton et al. 2010; Brodwin
et al. 2013), and we may expect that overdense regions of NB
emitters can indicate the sites of clusters. Indeed, there are sev-
eral overdensity regions of O2Es in each field, all of which are
strong candidates of galaxy clusters at z ≈1.2–1.5. Follow-up
spectroscopy is required to identify galaxy clusters where the
O2Es are concentrated.
4.2 Luminosity function
4.2.1 Luminosities of emission lines
Fluxes of the emission lines are derived from the NB and BB
photometry:
Fline =
∆NB ·∆BB
(∆BB −∆NB)
(fλ,NB − fλ,BB) , (7)
where Fline is a line flux, ∆ is a FWHM of the filter in units of
A˚ (see Table 2 for NBs, and ∆BB = 1555 and 782 for i and z
bands), and fλ is a flux density in units of erg s
−1 cm−2 A˚−1.
As discussed in §3.1, the cmodel magnitudes in unforced pho-
tometry are used for the flux estimation. To measure the line
fluxes according to the equation (7), it is assumed that the same
stellar continuum level underlying emission lines contributes to
the flux densities of fλ,BB and fλ,NB . This implies that the dif-
ference of effective wavelength between BB and NB can affect
the measurement of fluxes, in particular, for [OII]λ3727 dou-
blet being near the Balmer/4000A˚ break or emission lines of red
galaxies. Thus, as in § 3.1, we use the BB magnitudes corrected
for the color term to calculate the fluxes of the emission lines.
We use the best-fitting model spectra from the SED fits with all
the BB filters, and we find that the stellar continuum underlying
an emission line estimated from BB magnitudes are consistent
with the model spectra. In what follows, we use the continuum
estimated from the adjacent BB filters. The fluxes measured are
converted to the luminosities using the spectroscopic redshifts,
if available. Otherwise, we use the redshifts estimated from the
NB to derive the luminosities.
There are [NII](λλ=6550,6585A˚) doublet lines next to the
Hα line. While the width of NB is narrow, the targeted line
and the adjacent lines can be simultaneously observed with the
NB. In general, the fluxes of the contaminant emission lines are
small compared with the targeted line of Hα. However, it is im-
portant to estimate how much the contamination contributes to
the measurement of the fluxes of the targeted line. The contri-
bution of [NII] line is estimated from the SDSS Data Release
7 (DR7) spectroscopic catalogs (Kauffmann et al. 2003; Salim
et al. 2007; Abazajian et al. 2009). We select analogs of the
HAEs by applying the same rest-frame EW cut to the SDSS
spectroscopic data and investigate the [NII]/Hα line ratio as a
function of stellar mass and observed Hα luminosity for the
analogs (see the details in Appendix 2). We correct the line
fluxes for the contribution of [NII] lines in the HAEs based on
the stellar mass and the observed Hα luminosity of the individ-
ual galaxies. The median values of the fraction of [NII] over
Hα+[NII] ranges 0.08–0.14 for NB816 and NB921 HAEs in
each field. Although we note that Villar et al. (2008) and Sobral
et al. (2012) have presented the correction of [NII] contribu-
tion based on the EW of Hα+[NII], we apply the method, de-
scribed above, to estimate the line ratios such as [NII]/Hα and
Hβ/Hα consistently throughout the paper (see also § 4.2.4 and
Appendix 2).
4.2.2 Survey volume
Since the transmission curve of HSC NB filters is not a per-
fect top-hat (Figure 1), emission lines at different redshifts go
through a different transmittance. Given that only emission
lines with fluxes above a limiting flux can be detected, emission
lines with an intrinsically large flux can be at lower or higher
redshifts than fainter emission lines. Therefore, the survey vol-
ume for an emission-line galaxy depends on its luminosity.
We estimate the survey volume for individual emission-line
galaxies. For a given luminosity, the minimum and maximum
redshifts where the emission line can be observed at more than
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Fig. 14. Observed luminosity function of HAEs. The upper panel shows
the luminosity function for NB816 HAEs at z ≈ 0.25, while the lower panel
shows that for NB921 HAEs at z ≈ 0.40. The squares show the data in the
individual fields with different colors. The red circles show the data in all of
the fields surveyed and the error bars are estimated from the Poisson errors.
The red curve is a best-fit Schechter function to the red data points, where
the solid (dotted) curve is fitted without (with) α fixed. The black curves
are the luminosity functions from the literature, where the luminosity range
covering the data in each study is shown by thick curve and the other range
is shown by thin curve (Ly et al. 2007; Drake et al. 2013; Stroe & Sobral
2015; Sobral et al. 2013).
5σ are calculated based on the filter transmission curve and a
limiting flux. Then, the redshift range is converted to a comov-
ing volume. Galaxies with brighter lines have a larger survey
volume. The median survey volume in each field is shown in
Table 3.
Note that we assume that the emission line is observed at
the central wavelength of the NB filter. Given the fact that the
NB filters do not have a perfect top-hat shape of transmission
curve, intrinsic luminosity can be larger than observed luminos-
ity. This results in underestimating (overestimating) the number
of emission-line galaxies with bright (faint) intrinsic luminosi-
ties. Also, the survey volume can be underestimated for galax-
ies with an intrinsically larger luminosity. However, spectro-
scopic redshift is required to exactly know at which wavelength
within the NB filter the emission line is observed. While some
galaxies have the spectroscopic redshifts, most of the emission
line galaxies do not have. Therefore, we apply the same survey
volume to emission-line galaxies with a given observed lumi-
nosity.
Fig. 15. The same as Figure 14, but for O3Es at z ≈ 0.63 and 0.84. The
luminosity functions from the literature (Ly et al. 2007; Drake et al. 2013;
Khostovan et al. 2015) are plotted for comparison.
Fig. 16. The same as Figure 14, but for O2Es at z ≈ 1.19 and 1.47. The
luminosity functions from the literature (Ly et al. 2007; Drake et al. 2013;
Khostovan et al. 2015) are also plotted for comparison.
4.2.3 Observed luminosity function
The luminosity function of emission-line galaxies is derived ac-
cording to the Vmax method:
φ(logL) =
∑
i
1
Vmax · fc ·∆(logL)
, (8)
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Table 4. Parameters of the Schechter function fitted to the luminosity function.
No correction for dust extinction Corrected for dust extinction
redshift logφ∗ logL∗ α logφ∗ logL∗ α
HAE 0.25 -3.53±0.14 41.73±0.12 -1.59±0.05 -3.55±0.11 41.95±0.09 -1.53±0.04
HAE 0.40 -3.45±0.16 41.86±0.11 -1.75±0.06 -4.18±0.27 42.73±0.24 -1.82±0.04
O3E 0.63 -3.04±0.15 41.59±0.10 -1.42±0.14 -3.36±0.16 41.97±0.10 -1.66±0.11
O3E 0.84 -3.71±0.21 42.17±0.11 -1.95±0.11 -3.66±0.22 42.41±0.13 -1.83±0.12
O2E 1.19 -2.81±0.25 41.99±0.15 -1.51±0.28 -2.90±0.09 42.43±0.06 -1.51±0.09
O2E 1.47 -2.88±0.30 42.10±0.15 -1.83±0.33 -2.74±0.10 42.48±0.06 -1.41±0.14
Note: φ∗ is in units of Mpc−3 dex−1 and L∗ is in units of erg s−1.
Table 5. Same as Table4, but α is fixed to be -1.6 in fitting to the luminosity function.
No correction for dust extinction Corrected for dust extinction
redshift logφ∗ logL∗ α logφ∗ logL∗ α
HAE 0.25 -3.55±0.07 41.74±0.09 -1.6 -3.74±0.07 42.07±0.10 -1.6
HAE 0.40 -3.14±0.05 41.68±0.06 -1.6 -3.43±0.07 42.21±0.09 -1.6
O3E 0.63 -3.25±0.07 41.70±0.08 -1.6 -3.27±0.05 41.93±0.05 -1.6
O3E 0.84 -3.24±0.06 41.95±0.05 -1.6 -3.32±0.06 42.24±0.06 -1.6
O2E 1.19 -2.89±0.11 42.03±0.10 -1.6 -2.99±0.04 42.48±0.03 -1.6
O2E 1.47 -2.72±0.10 42.02±0.07 -1.6 -2.89±0.05 42.56±0.04 -1.6
Note: φ∗ is in units of Mpc−3 dex−1 and L∗ is in units of erg s−1.
where i is for individual galaxies with log L ± 0.5∆(log L)
(§4.2.1), Vmax is the survey volume (§4.2.2) and fc is detection
completeness (§2.3.1). The detection completeness is taken into
account based on both NB (proxy of emission-line flux) and BB
(proxy of stellar continuum underlying the emission line) mag-
nitudes (Figure 3).
Figures 14–16 show the observed luminosity functions for
HAEs, O3Es, and O2Es at each redshift, i.e., dust extinction in
emission line is not corrected yet. Because luminosity functions
can be corrected for dust extinction in a few different ways, the
observed luminosity functions are the simplest ones to compare
with the results from the literature. The luminosity function is
derived from galaxies in all of the fields surveyed. Note that we
do not double count the galaxies in the overlapping regions be-
tween the UD-COSMOS and D-COSMOS fields to derive the
luminosity functions. The luminosity functions in the individ-
ual UD and D fields are also shown with different colors in the
figures, which is useful to indicate the field variance that illus-
trates how consistently the luminosity functions are derived for
the individual fields. The sample variance is discussed in § 5.1.
We fit a Schechter function (Schechter 1976) to the luminosity
functions, where the Schechter function is:
φ(L)dL= φ∗
(
L
L∗
)α
exp(−
L
L∗
)
dL
L∗
, (9)
or
φ(L)d(logL) = φ∗
(
L
L∗
)α+1
exp(−
L
L∗
) ln10 d(logL) . (10)
The Schechter parameters of the best-fit function are shown in
Table 4. Table 5 also show the Schechter parameters of the
best-fit function, but α is fixed to be -1.6 according to Sobral
et al. (2013) and Sobral et al. (2015). The luminosity functions
are well fit by the Schechter function. However, we notice that
some luminosity functions show the excess of number density
at the bright end from the best-fit Schechter function (e.g., O2Es
in Figure 16), which is discussed in § 5.2.
For comparison with our results, luminosity functions from
previous studies in wide fields are also plotted in Figures 14–16.
Ly et al. (2007) conducted NB imaging with NB816 and NB921
on the Subaru/Suprime-Cam in the SDF of 0.24 deg2. They
selected NB816 and NB921 emitters with the observed EWs
greater than 33 and 15 A˚, respectively. The data are deeper than
our HSC-SSP PDR1 data, but the area is much smaller than our
survey. Drake et al. (2013) also conducted NB816 and NB921
imaging with Subaru/Suprime-Cam in the SXDS field of 0.63
deg2. They applied the rest-frame EW cut of 100A˚ to their sam-
ples to derive luminosity functions. HiZELS conducted wider
NB921 imaging with Subaru/Suprime-Cam in the COSMOS
and UDS fields of ∼ 2 deg2 (Sobral et al. 2013; Khostovan
et al. 2015). They selected NB921 emitters with the rest-frame
greater than 25 A˚. The area covered by the previous studies are
much smaller than HSC-SSP PDR1 data, because the Suprime-
Cam only has one sevenths the FoV of HSC. However, these
studies use the similar NB filters to those of HSC and thus the
Hα, [OIII], and [OII] luminosity functions at the same redshifts
are investigated.
Although our luminosity functions for all of HAEs, O3Es,
and O2Es seem to be consistent with previous studies over the
investigated luminosity ranges, the number density of our emit-
ters may be slightly smaller than the previous studies in each
luminosity bin. The small discrepancy can be caused by the rel-
atively large EW cut in our samples: an observed EW of 48A˚
(56A˚) for NB816 (NB921) emitters. Since the current NB data
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of HSC-SSP is not so deep, we cannot give a strong constraint
on the luminosity functions at less than ∼ 0.1L∗ (0.3L∗) for
O3Es (O2Es) at this time. On the other hand, the faint end of
luminosity functions for HAEs reaches down to ∼ 0.01L∗.
Our luminosity functions for NB816 (NB921)-selected
emission-line galaxies are based on 5.68 (16.2) deg2 data, which
is one of the widest NB imaging data sets. The number den-
sity of bright galaxies is low and survey volume for galaxies at
lower redshifts is also not large, which suggests that the results
for brighter galaxies at lower redshifts are more sensitive to the
area of the field surveyed. Indeed, the bright end of our lumi-
nosity functions is determined by the emitters in the D fields.
Thanks to the wide-field data, we can give a constraint on the
luminosity functions up to the larger luminosity bins than inves-
tigated by the previous studies.
4.2.4 Intrinsic luminosity function
To derive the intrinsic luminosity functions for the emission-
line galaxies, it is important that the luminosities are corrected
for dust extinction. We estimate an amount of the dust extinc-
tion in the NB-measured emission-line fluxes using the Hα/Hβ
line ratios of the SDSS analogs (Appendix 2). Based on stel-
lar mass and observed luminosity of the targeted emission line
(for example, [OII] for O2Es), we estimate the Balmer decre-
ment for the individual galaxies. Then, assuming the Cardelli
et al. (1989) extinction curve and the intrinsic Hα/Hβ ratio of
2.86 for Case B recombination under an electron temperature of
Te =10
4 K and electron density of ne =10
2 cm−3 (Osterbrock
1989), the estimated Hα/Hβ ratio is converted to the magnitude
of dust attenuation in the targeted line.
The previous studies have presented the typical dust extinc-
tion in emission line from a star-forming galaxy as a func-
tion of stellar mass, using the SDSS data (e.g., Gilbank et al.
2010; Garn & Best 2010). Although the dust extinction esti-
mated by our method is comparable to the estimation by the
previous studies, our method allows us to correct the luminosity
of emission lines for dust extinction in the consistent way for
HAEs, O3Es, and O2Es.
Figures 17–19 show the luminosity functions corrected for
dust extinction for HAEs, O3Es, and O2Es at each redshift.
The Schechter parameters of the best-fit function are provided
in Tables 4–5. The luminosity functions from the previous stud-
ies are also plotted for the comparison. The method of the dust
correction is different from ours, but our luminosity functions
are consistent with the previous studies. The number density of
our emitters may be slightly smaller than the previous studies at
each luminosity bin, but that is likely due to the relatively large
EW cut in our samples.
Fig. 17. The same as Figure 14, but the luminosities are corrected for dust
extinction. The luminosity functions from the literature (Ly et al. 2007; Drake
et al. 2013; Sobral et al. 2013; Shioya et al. 2008) are plotted for comparison.
Fig. 18. The same as Figure 15, but the luminosities are corrected for dust
extinction. The luminosity functions from the literature (Ly et al. 2007; Drake
et al. 2013) are plotted for comparison.
5 Discussion
5.1 Sample variance
Cosmic variance is a non-negligible problem to properly under-
stand representative properties of galaxy populations. Indeed,
Figures 14–16 show that there is a scatter in the luminosity func-
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Fig. 19. The same as Figure 16, but the luminosities are corrected for dust
extinction. The luminosity functions from the literature (Ly et al. 2007; Drake
et al. 2013) are plotted for comparison.
tions for HAEs at z=0.40 between the fields, although the other
luminosity functions for HAEs at z = 0.25, O3Es and O2Es are
mostly consistent between fields.
The typical survey volume for HAEs at z ∼ 0.40 in the UD
fields is ∼ 1× 105 Mpc3, which is a factor of ∼ 5− 10 smaller
than the survey volume of the other fields. The luminosity func-
tions for the HAEs at z ∼ 0.25 in the two fields and the HAEs
at z ∼ 0.40 in the UD fields, all of which have a survey vol-
ume of < 5× 105 Mpc3, are consistent with each other. Also,
the luminosity functions for the other emission-line galaxies in
larger survey volume are in agreement with each other between
the fields irrespective of the UD and D fields.
The slight discrepancy in luminosity function for the HAEs
at z∼ 0.4 is between the UD and D fields. Given the luminosity
functions shown in Figure 14, the survey volume of ∼ 1× 105
Mpc3 in the UD fields implies that there can be at most several
galaxies detected in the luminosity bins with>1042 erg s−1. On
the other hand, atL∼2×1041 erg s−1, where the difference be-
tween the UD and D fields begins to become larger, there should
be dozens of galaxies detected in the luminosity bins even in the
UD fields. According to Trenti & Stiavelli (2008), we estimate
the effect of cosmic variance in the luminosity function of HAEs
at z ∼ 0.4. The estimated uncertainty in the number of HAEs is
∼40%, which suggests that the dispersion in the number density
of HAEs with L>2×1041 can be explained by the cosmic vari-
ance. However, Figures 14 and 17 show that the number density
of HAEs in the UD fields are systematically smaller than that in
the D fields at any luminosity bins. This indicates that the two
UD fields may be an underdense region of HAEs at z ∼ 0.4.
Therefore, the comparison of the luminosity functions be-
tween the fields shows that the luminosity functions in the indi-
vidual fields are consistent with each other and the survey vol-
ume of > 5× 105 Mpc3 is essential at least to overcome the
cosmic variance. Sobral et al. (2015) also reach the similar con-
clusion that a survey volume of > 5× 105 Mpc3 is required to
derive the luminosity functions with an error of less than 10%
irrespective of sample variance.
5.2 Bright end of luminosity function
It is known that hard radiation from AGNs can contribute to
emission lines from galaxies. The larger ionization energy re-
quired for [OIII] than [OII] and Hα implies that there is a possi-
bility that the fraction of AGN contamination in O3Es is higher
than HAEs and O2Es. However, contrary to the expectations,
no strong excess of luminosity function is seen at the bright end
for HAEs and O3Es (Figures 14 and 15), while a slight excess is
seen in the luminosity functions for O2Es (Figure 16). Similar
excess in bright end of luminosity function is reported by the
previous studies (Matthee et al. 2017).
As mentioned in § 2.3.3, we limit the samples to galaxies
fainter than 17.5 mag. Taking account of the EW cut as well that
we apply in the selection of emission-line galaxies, we can miss
most of NB816 (NB921) emitters with line fluxes larger than 5.5
(5.0) × 10−15 erg s−1 cm−1. The fluxes corresponds to L/[erg
s−1] = 1.0×1042, 9.3×1042, and 4.4×1043 for NB816 HAEs,
O3Es, and O2Es, and 2.9×1042 , 1.7×1043 , and 6.8×1043 for
NB921 HAEs, O3Es, and O2Es, respectively. Therefore, the
HSC-SSP PDR1 data are capable of selecting luminous emitters
in the luminosity ranges investigated, although some emission-
line galaxies at the bright end can be missed if more luminous
galaxies tend to have a larger EW (e.g., Sobral et al. 2014). The
limitation on the bright end confirms that there is no deviation
of luminosity function from the Schechter function in HAEs
and O3Es, while there is a slight deviation of O2E luminosity
function from the Schechter function at the bright end.
Matthee et al. (2017) argue that the excess of the bright
end of luminosity function is caused by AGNs and for HAEs
at z ∼1.47 and 2.2 the fraction of X-ray sources in the HAEs
monotonically increases with the Hα luminosity at L(Hα) >
1042.5 erg s−1 irrespective of redshift (see also Sobral et al.
2016). On the other hand, as described in §3.5, matching our
samples of emission-line galaxies to the catalog of the Chandra
X-ray sources in the COSMOS field (Marchesi et al. 2016) in-
dicates that at most 0.1% of the emission-line galaxies are de-
tected in X-ray as well. The fraction of O2Es with an X-ray
counterpart is similar to that for HAEs and O3Es. Furthermore,
since the X-ray counterpart of O2Es have the observed [OII]
luminosity of < 1042 erg s−1, the O2Es with X-ray detection
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do not have a large [OII] luminosity contributing to the bright
end of the luminosity function. Indeed, the intrinsic luminos-
ity functions corrected for dust extinction for not only O2Es but
also HAEs and O3Es show no excess from the Schechter func-
tion at the bright end (Figures 17–19). There are few emission-
line galaxies with the luminosities of L> 1042.5 erg s−1, which
may cause the discrepancy between our results and those of
Matthee et al. (2017). Therefore, we conclude that a strong ex-
cess at the bright end is not seen in our luminosity functions.
5.3 Stellar mass function
The stellar mass of galaxies is one of fundamental properties
to characterize galaxies. There are many properties such as
SFR, metallicity, dust extinction, and size that show a strong
correlation with stellar mass. Since our samples of emission-
line galaxies are based on the luminosity of nebular emissions
which are indicators of SFR, they are SFR-limited samples to a
first order approximation. Considering that there is a tight cor-
relation between stellar mass and SFR in star-forming galax-
ies at each redshift (e.g., Speagle et al. 2014), it is expected
that NB emission-line galaxy samples can contain star-forming
galaxies with stellar mass down to a certain completeness limit.
Therefore, it is interesting to investigate the stellar mass func-
tion of emission-line galaxies to better understand our samples.
We discuss for only HAEs hereafter in this section. This is
because the stellar masses for HAEs are reliable, but those for
O3Es and O2Es at z > 0.8 can be systematically overestimated
(see §3.6 and Tanaka et al. 2017).
Figure 20 shows stellar mass function for HAEs. The stellar
mass functions of HAEs at z ∼ 0.4 show the difference in mass
bins of > 4× 1010 M⊙ between the two fields of D-DEEP2-3
and D-ELAIS-N1 and the others. Figure 11 shows that the two
fields have several galaxy clusters. Since the galaxy clusters are
identified by red-sequence galaxies, the clustering of massive
galaxies is reasonable.
We compare our stellar mass function with that of Sobral
et al. (2014) (solid line) for HAEs at z = 0.4. While our stellar
mass function is consistent with that of Sobral et al. (2014) at
M < 2× 109 M⊙, the number density of our HAEs is smaller
than the Sobral et al. (2014) sample at M > 2× 109 M⊙. As
mentioned in § 3.1, the HSC-SSP PDR1 data can select the
HAEs with the rest-frame EW larger than 40A˚, while the sam-
ple of Sobral et al. (2014) includes the HAEs with the rest-frame
EW larger than 25A˚. Therefore, we miss the HAEs with small
EWs that Sobral et al. (2014) can select. Since more massive
galaxies tend to have a smaller EW on average (e.g., Sobral et al.
2014), the larger discrepancy between our stellar mass function
and that of Sobral et al. (2014) at higher stellar masses is likely
due to the difference of the limiting EW in the HAE selection.
Next, we compare our stellar mass function with those from
Fig. 20. Stellar mass function for HAEs. The luminosity functions from the
literature are plotted for comparison: HAEs at z = 0.4 (Sobral et al. 2014)
and star-forming galaxies at z = 0.2–0.5 (Ilbert et al. 2013; Muzzin et al.
2013; Davidzon et al. 2017)
star-forming galaxies at z = 0.2–0.5 (Ilbert et al. 2013; Muzzin
et al. 2013; Davidzon et al. 2017). They construct the NIR-
detected samples (i.e., stellar mass-limited samples in the first
order approximation) in the COSMOS field covering 1.5–2
deg2. Our stellar mass function is much lower than those from
the literature and the discrepancy is larger in HAEs at z = 0.25
than HAEs at z = 0.40. This can be also caused again by the
EW cut crucial for the NB emitter selection, as discussed above.
Our samples cover the stellar mass range from > 1011 M⊙
down to ∼ 108 M⊙. The deeper data in both NB and BB
are required to apply the smaller EW cut in the selection of
emission-line and then make the more representative samples
of star-forming galaxies.
6 Conclusions
The Subaru Strategic Program (SSP) with the Hyper Suprime-
Cam (HSC) is an imaging survey with 300 nights over 5-6 years.
The HSC-SSP provides us with widest and deepest data in five
broadbands, g,r,i,z, and y, until the the Large Synoptic Survey
Telescope (LSST) begins to operate, and another characteris-
tic of the survey is that data from four narrowbands, NB387,
NB816, NB921, and NB101 are available. The first public data
release (PDR1) of the HSC-SSP is now publicly available, and
consists of data taken over 61.5 nights.
We present initial results on emission-line galaxies at z <
1.5 selected with the data from two narrowband filters of
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NB816 and NB921. The NB816 (NB921) data are avail-
able in the PDR1 over 5.7 (16) deg2. The narrowband data
enable us to select galaxies emitting Hα(λ6565A˚) from z ≈
0.25 and 0.40, [OIII](λ5008A˚) from z ≈ 0.63 and 0.84, and
[OII](λλ3727, 3730A˚) from z ≈ 1.19 and 1.47. Main results
that we present in this paper are the following.
1. This is one of the largest samples of emission-line galaxies
at z < 1.5 ever constructed, which includes 1,193 (6,861)
Hα emitters at z ≈ 0.24 (0.40) down to the luminosities
of log(L(Hα)/[erg s−1])>∼ 39.4 (40.1), 2,228 (6,428) [OIII]
emitters at z ≈ 0.63 (0.84) down to the luminosities of
log(L([OIII])/[erg s−1])>∼ 40.4 (40.8), and 5,861 (11,016)
[OII] emitters at z ≈ 1.19 (1.47) down to the luminosities
of log(L([OII])/[erg s−1])>∼ 41.1 (41.4). The summary is
shown in Table 3. The catalogs are available at the HSC-
SSP website4 , after the paper is published.
2. The spatial distribution of the emitters shows large-scale
structures over >∼ 50 Mpc where galaxy clusters discovered
by a red sequence cluster finding algorithm are embedded
(Figures 11–13). This indicates that the samples include star-
forming galaxies in various environments covering from the
core of galaxy cluster to the void. The samples of emission-
line galaxies are useful to investigate the environmental de-
pendence of galaxy evolution at z < 1.5.
3. Luminosity functions of the emitters are investigated for
Hα emitters at z ∼ 0.25 and 0.40, [OIII] emitters at z ∼
0.63 and 0.84, and [OII] emitters at z ∼ 1.19 and 1.47
(Figures 14 – 16). The luminosity functions are mostly con-
sistent with the previous studies at the luminosity ranges in-
vestigated. However, the number densities of our emitters
may be slightly smaller than those of the previous studies.
The slight discrepancy can be caused by the larger equivalent
width cut in the selection of our emitters than the previous
studies. The luminosity functions in each field surveyed by
the HSC-SSP are consistent with each other, suggesting that
more than 5× 105 Mpc3 is required at least to overcome the
field variance.
4. Stellar mass functions are investigated for Hα emitters at z∼
0.25 and 0.40 (Figure 20), and then compared with the pre-
vious studies for Hα emitters at z = 0.40 and star-forming
galaxies at z = 0.2–0.5 from the stellar mass limited sam-
ples. The larger discrepancy is seen at higher stellar masses
in Hα emitters at both z=0.25 and z=0.40, which suggests
that there are star-forming galaxies with emission lines with
small equivalent width that our NB imaging survey misses.
The deeper data are essential to construct more representa-
tive samples of star-forming galaxies at the redshifts probed.
The HSC-SSP survey is ongoing. As the survey proceeds
further, the coverage where NB data are available will be by a
factor of 1.6 wider in the D fields and the depth of NB816 and
NB921 is 0.5–0.6 (0.2–0.3) mag deeper in the UD (D) fields
than those in the PDR1 data (Aihara et al. 2017a). The wider
and deeper data allow us to survey less massive star-forming
galaxies with a lower SFR at higher selection completeness and
derive fainter end of luminosity function more reliably. We will
update the catalogs of emission-line galaxies based on the up-
coming data releases.
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Appendix 1 Flags used for selection of
NB-detected objects
hscPipe outputs a lot of flags showing reliability and measure-
ment in source detection and photometry in the process of the
data (Bosch et al. 2017). We apply the following flag cut to
5 http://dm.lsst.org
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Fig. 21. Emission-line ratio of [NII]/Hα for the SDSS analogs of HAEs. The galaxies are selected from the SDSS spectroscopic catalog by applying the same
EW cut as for the NB-selected HAEs. The left panel shows the [NII]/Hα ratio in a log scale in each bin, while the right panel shows the standard deviation of
the line ratio in a log scale in each bin.
select NB-detected objects (refer to Bosch et al. 2017 for the
meaning of the individual flags):
In NB816 or NB921
detect is primary=True,
merge peak=True,
flags pixel cr center=False,
flags pixel saturated center=False,
flags pixel bad=False,
flags pixel suspect center=False,
flags pixel offimage=False,
flags pixel bright object center=False,
centroid sdss flags=False,
cmodel flux flags=False, and
detected notjunk=True.
In i (z)-band for NB816 (NB921)-detected objects
flags pixel cr center=False,
flags pixel saturated center=False,
flags pixel bad=False,
flags pixel suspect center=False, and
flags pixel offimage=False.
In all BBs
flags pixel bright object center=False.
Appendix 2 Emission-line ratios for the
SDSS analogs of NB emitters
Since the [NII] doublet (λλ6549.84,6585.23A˚) is close to Hα
(λ6564.61A˚) line, all of the emission lines can enter the NB fil-
ter simultaneously. Also, emission-line fluxes can suffer dust
extinction. To derive intrinsic luminosity of a specific emission
line, a correction for the neighbor lines and the dust extinction
is required. The SDSS data allow us to estimate such impact
on the emission-line fluxes measured from the NB and BB pho-
tometry by selecting analogs of NB emission-line galaxies and
then investigating the line ratios of emission lines.
The spectroscopic catalogs are extracted from the MPA-JHU
release of spectrum measurements for the SDSS Data Release
7 (DR7) 6 (Kauffmann et al. 2003; Salim et al. 2007; Abazajian
et al. 2009). To select the analogs of NB-selected emission-line
galaxies, we apply the same EW cut as for the NB selection.
We then investigate the various line flux ratio as a function of
the observed emission-line luminosity and stellar mass.
Figure 21 shows the [NII]/Hα ratios for the analogs of HAEs
as a function of the Hα luminosity and stellar mass. The ratios
are used to correct the fluxes measured from the HSC-SSP data
for the contribution of [NII]. Figure 22 is the same as Figure 21,
but for the Hα/Hβ ratios, i.e., Balmer decrement for the analogs
of HAEs, O3Es and O2Es. This is used for the correction of
dust extinction. Figures 21 – 22 also show the standard devi-
ation of the line ratio in each bin to infer an accuracy of the
6 http://www.mpa-garching.mpg.de/SDSS/DR7/
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Fig. 22. The same as Figure 21, but for the line ratio of Hα/Hβ. The line ratios for the SDSS analogs of HAEs, O3Es, and O2Es are shown in top, middle, and
bottom panels, respectively.
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determination of the line ratios based on the stellar mass and
the luminosity of the targeted emission line.
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